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detection circuit and including at least one of resistivity and

inductivity. The impedance element blocks noise from out-
side. The ground of the infrared sensor element 1s connected
to the impedance element via a ground of an internal
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FIG. 4A
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FIG. 4C

PACKAGE 21E OF INFRARED SENSOR 20E
4

¥
B
) |
B
B
K
¥
[
E
E
B
[
¥
i
B
B
B
.
*
¥
¥
B
3
]
L
"
B
|
=

5 Q1 ' >VDD
; G

: 3

1 _ Vs

; ; c2° C

« 1b : 2

: Z 5 GND
: P E

lllllllllllllllllllllllllllllll

PACKAGE 21E OF INFRARED SENSOR 20E

Q1 —~— 72 | > VDD
G,

E 3

E ia . OVS
N 32 31

' Co ™ "1

: 1b : 7/

: P1 E



U.S. Patent Oct. 20, 2020 Sheet 7 of 8 US 10,809,130 B2

FIG. 5
s
FIG. 6
VD
Y 7 /INTEGF{ATED CIRCUIT 8
| IMPEDANGE |
1a +— CONVERSION f———o0 Vs
: CIRCUIT !
A
{(GND
FIG. 7A
PRIOR ART

INFRARED SENSOR 109
_ /\ DETECTOR 109a

ECTRICALLY CONDUCTIVE TAPE 132
PRINTED CIRCUIT BOARD 116 \

S/

&
5~ CAN 130



U.S. Patent Oct. 20, 2020 Sheet 8 of 8 US 10,809,130 B2

FIG. 7B
PRIOR ART

INFRARED SENSOR 109 CAN 130

~CTRICALLY CONDUCTIVE TAPE 132

PRINTED CIRCUIT BOARD 110



US 10,809,130 B2

1

INFRARED DETECTION CIRCUIT AND
INFRARED SENSOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application No. 2016-221853 filed on Nov. 14, 2016
and 1s a Continuation Application of PCT Application No.
PCT/IP2017/040134 filed on Nov. 7, 2017. The entire

contents of each of these applications are hereby incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an infrared detection
circuit and an infrared sensor each of which includes, for
example, a pyroelectric element.

2. Description of the Related Art

FIG. 7A 1s a perspective view 1llustrating the configura-
tion of an infrared sensor 109 of the related art disclosed in
Japanese Unexamined Patent Application Publication No.
2002-122473. FIG. 7B 1s a side view of the infrared sensor
109 1illustrated 1n FIG. 7A. In the infrared sensor 109
illustrated 1n FIGS. 7A and 7B, an electrically conductive
tape 132 1s used to shield the infrared sensor 109, and FIG.
7B illustrates a printed circuit board 110 on which the
infrared sensor 109 1s mounted.

In FIG. 7A, a land 129 that i1s grounded to the ground of
the printed circuit board 110 and that has a rectangular frame
shape 1s formed on a portion of the printed circuit board 110
on which the infrared sensor 109 1s mounted. A can 130 that
1s a metal case of the infrared sensor 109 1s disposed such
that a lower end portion of the can 130 1s 1n contact with the
land 129. Here, there 1s a slight gap between the can 130 and
the land 129, and 1n the related art, as 1llustrated in FIGS. 7A
and 7B, a shield structure 1s provided in which a contact
portion at which the can 130 of the infrared sensor 109 and
the land 129 of the printed circuit board 110 are 1n contact
with each other 1s completely enclosed by the electrically
conductive tape 132 attached to the periphery of the contact
portion.

As a result of the contact portion at which the can 130 of
the infrared sensor 109 and the land 129 of the printed circuit
board 110, which 1s grounded, are in contact with each other,
being completely enclosed and covered by the electrically
conductive tape 132, even 1f there 1s a gap between the can
130 and the land 129, the gap 1s electrically closed by the
clectrically conductive tape 132, which i1s attached to the
periphery of the contact portion so as to surround the contact
portion, so that electrical airtightness 1s able to be ensured.
Japanese Unexamined Patent Application Publication No.
2002-122473 discloses that, by providing the shield struc-
ture 1n which a gap between the can 130 and the land 129 1s
clectrically hermetically sealed by the electrically conduc-
tive tape 132 as described above, even if radioactive noise
1s transmitted from the outside, the radioactive noise is able
to be reliably prevented from flowing through the gap
between the can 130 and the land 129 onto a pin (a lead wire)
of the infrared sensor 109.

In the above-described case of the related art, the shield
structure 1s fabricated by connecting the can 130, which 1s
the metal case of the infrared sensor 109, to a ground GND

10

15

20

25

30

35

40

45

50

55

60

65

2

and by using the electrically conductive tape 132, such that
the influence of noise from the outside 1s reduced. However,
a ground pin of the infrared sensor 109 and the can 130,
which 1s a shield case, are integrated with each other, and
thus, the infrared sensor 109 is not resistant to noise mnput
from an external ground, so that there has been a problem 1n
that a malfunction occurs in the inirared sensor 109.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide
infrared detection circuits and infrared sensors which are
cach resistant to noise input from an external ground and 1n
which a malfunction does not occur.

An infrared detection circuit according to a preferred
embodiment of the present invention detects infrared rays
and outputs a detection signal to an external detection
circuit. An mirared detection circuit according to a preferred
embodiment of the present mvention includes an infrared
sensor element and an impedance element that 1s connected
between a ground of the inifrared sensor element and a
ground of the external detection circuit and that has at least
one of resistivity and inductivity.

In the infrared detection circuit, the impedance element
blocks noise from outside.

In an infrared detection circuit according to a preferred
embodiment of the present invention, the ground of the
infrared sensor element 1s connected to the impedance
clement via a ground of an internal substrate of the infrared
detection circuit.

An infrared detection circuit according to a preferred
embodiment of the present invention includes an impedance
conversion circuit that performs impedance conversion on a
detection signal from the infrared sensor element and out-
puts the detection signal.

In an infrared detection circuit according to a preferred
embodiment of the present imnvention, the impedance con-
version circuit includes a field-effect transistor, a voltage
follower circuit including an operational amplifier, or an
impedance conversion circuit of an integrated circuit.

An infrared detection circuit according to a preferred
embodiment of the present invention includes at least one of
a resistance element that 1s connected 1n parallel to the
inirared sensor element, an impedance element that 1s con-
nected between a power supply terminal of the impedance
conversion circuit and a power supply terminal of the
inirared detection circuit, and an impedance element that 1s
connected between a signal output terminal of the 1mped-
ance conversion circuit and a signal processing circuit of the
external detection circuit.

An infrared detection circuit according to a preferred
embodiment of the present invention includes at least one of
a bypass capacitor that 1s connected between the power
supply terminal of the infrared detection circuit and the
ground of the infrared sensor element or the ground of the
external detection circuit and a bypass capacitor that is
connected between the signal output terminal of the ifrared
detection circuit and the ground of the infrared sensor
clement or the ground of the external detection circuit.

An infrared sensor according to a preferred embodiment
of the present invention detects infrared rays and outputs a
detection signal to an external detection circuit. An infrared
sensor according to a preferred embodiment of the present
invention includes an infrared sensor element and an 1mped-
ance element that 1s connected between a ground of the




US 10,809,130 B2

3

inirared sensor element and a ground of the external detec-
tion circuit and that has at least one of resistivity and
inductivity.

In the infrared sensor, the impedance element blocks
noise from outside.

In an mirared sensor according to a preferred embodiment
ol the present invention, the impedance element 1s disposed
in a package of the infrared sensor.

In an infrared sensor according to a preferred embodiment
ol the present invention, the impedance element 1s disposed
outside a package of the infrared sensor.

In an mirared sensor according to a preferred embodiment
of the present invention, the ground of the inifrared sensor
clement 1s connected to the impedance element via a ground
ol an internal substrate of the inirared sensor.

An infrared sensor according to a preferred embodiment
of the present invention includes an impedance conversion
circuit that performs 1impedance conversion on a detection
signal from the infrared sensor element and outputs the
detection signal.

In an infrared sensor according to a preferred embodiment
of the present invention, the impedance conversion circuit
includes a field-eflect transistor, a voltage follower circuit
using an operational amplifier, or an 1mpedance conversion
circuit of an integrated circuit.

An infrared sensor according to a preferred embodiment
of the present invention includes at least one of a resistance
clement that 1s connected 1n parallel to the infrared sensor
clement, an impedance element that 1s connected between a
power supply terminal of the impedance conversion circuit
and a power supply terminal of the infrared sensor, and an
impedance element that 1s connected between a signal
output terminal of the impedance conversion circuit and a
signal processing circuit of the external detection circuat.

An infrared sensor according to a preferred embodiment
of the present invention includes at least one of a bypass
capacitor that 1s connected between the power supply ter-
minal of the mirared sensor and the ground of the mirared
sensor element or the ground of the external detection circuit
and a bypass capacitor that 1s connected between the signal
output terminal of the infrared sensor and the ground of the
inirared sensor element or the ground of the external detec-
tion circuit.

In 1nfrared detection circuits and infrared sensors accord-
ing to preferred embodiments of the present invention, noise
input from an external ground does not flow to the ground
of the infrared detection circuits or the ground of the infrared
sensors, and thus, a malfunction of the infrared sensors 1s
able to be prevented.

The above and other elements, features, steps, character-
1stics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

(L]

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram illustrating an example of an
inirared detection circuit 10 according to a first preferred
embodiment of the present invention.

FIG. 2A 1s a circuit diagram 1llustrating an example of an
inirared detection circuit 10A according to a second pre-
ferred embodiment of the present invention.

FIG. 2B 1s a circuit diagram 1llustrating an example of an
inirared detection circuit 10B according to a first modifica-
tion of the second preferred embodiment of the present
invention.
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FIG. 2C 1s a circuit diagram 1illustrating an example of an
infrared detection circuit 10C according to a second modi-
fication of the second preferred embodiment of the present
invention.

FIG. 3A 1s a circuit diagram 1illustrating an example of an
inirared sensor 20 according to a third preferred embodi-
ment of the present invention.

FIG. 3B 1s a circuit diagram 1illustrating an example of an
infrared sensor 20A according to a first modification of the
third preferred embodiment of the present invention.

FIG. 3C 1s a circuit diagram illustrating an example of an
inirared sensor 20B according to a second modification of
the third preferred embodiment of the present invention.

FIG. 3D 1s a circuit diagram illustrating an example of an
infrared sensor 20C according to a third modification of the
third preferred embodiment of the present invention.

FIG. 4A 15 a circuit diagram illustrating an example of an
inirared sensor 20D according to a fourth preferred embodi-
ment of the present invention.

FIG. 4B 1s a circuit diagram illustrating an example of an
inirared sensor 20E according to a first modification of the
fourth preferred embodiment and an example of an external
circuit according to the first modification of the fourth
preferred embodiment of the present invention.

FIG. 4C 1s a circuit diagram 1llustrating an example of the
inirared sensor 20E according to a second modification of
the fourth preferred embodiment and an example of an
external circuit according to the second modification of the
fourth preferred embodiment of the present invention.

FIG. 4D 1s a circuit diagram illustrating an example of the
inirared sensor 20E according to a third modification of the
tourth preferred embodiment and an example of an external
circuit according to the third modification of the fourth
preferred embodiment of the present invention.

FIG. 5 1s a circuit diagram 1illustrating an example of an
impedance conversion circuit 7 according to a Modification
1 of a preferred embodiment of the present invention.

FIG. 6 1s a circuit diagram 1llustrating an example of an
integrated circuit 8 according to a Modification 2 of a
preferred embodiment of the present invention that includes
the impedance conversion circuit 7.

FIG. 7A 1s a perspective view 1llustrating an infrared

sensor 109 of the related art.
FIG. 7B 1s a side view of the infrared sensor 109 1illus-

trated 1n FIG. 7A.

(Ll

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described below with reference to the drawings. Note that,
in the following preferred embodiments, the same or similar
components are denoted by the same reference signs.

First Preterred Embodiment

FIG. 1 1s a circuit diagram 1illustrating a configuration of
an inirared detection circuit 10 according to a first preferred
embodiment of the present invention. In FIG. 1, the iifrared
detection circuit 10 1ncludes a pyroelectric element 1 defin-
ing an inirared sensor element, an 1impedance clement 2
defined by a passive element including at least one of a
resistive impedance Z1 and an inductive impedance Z1, and
a field-efect transistor (heremafiter referred to as FET) Q1
included 1n an impedance conversion circuit. In particular, a
teature of the infrared detection circuit 10 according to the
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first preterred embodiment 1s that the infrared detection
circuit 10 includes the impedance element 2.

In FIG. 1, the pyroelectric element 1 includes a signal
output terminal 1a¢ and a ground terminal 15. The signal
output terminal 1a 1s connected to the gate of the FET Q1,
and a power supply voltage VDD 1s applied to the drain (a
power supply terminal) of the FET Q1 from a power supply
terminal of the infrared detection circuit 10. The source of
the FE'T Q1 1s a signal output terminal for a detection signal
and 1s connected to an external detection circuit of an
external substrate (not illustrated). In contrast, the ground
terminal 16 1s connected to a ground GND of the external
substrate via a connection point P1 of an internal substrate
of the iifrared detection circuit 10 and the impedance
clement 2. The pyroelectric element 1 and the FET Q1 are
provided, for example, on the internal substrate of the
inirared detection circuit 10. The FET Q1 performs imped-
ance conversion from a predetermined first impedance to a
predetermined second impedance that 1s lower than the first
impedance. An infrared detection signal that 1s output by the
pyroelectric element 1 1s output as an infrared detection
voltage signal Vs to the external detection circuit via the
FET Q1, which performs impedance conversion.

Here, the impedance element 2 has any one of the
following impedances 71 and defines and functions as a
filter element that blocks a specified noise that 1s radiated
from the outside or that enters from the outside.

Z1=R1 (1)

Z1=iol1 (2)

Z1=R1+jwL1 (3)

Here, the symbol “o” refers to angular frequency. Accord-
ingly, as 1s clear from the formula (1) to the formula (3), the
impedance element 2 1s defined by only a resistance element,
only an inductance element, or a series circuit mncluding a
resistance element and an inductance element.

In the case in which the impedance element 2 1s defined
by only a resistance element, a resistance R1 1s set such that
the noise from the outside 1s able to be prevented, by a
resistive loss of the resistance element, from being 1nput to
the ground terminal 15 of the pyroelectric element 1 from
the ground GND of the external substrate.

In the case 1 which the impedance element 2 1s defined
by only an inductance element, an inductance L1 1s set such
that the noise from the outside 1s able to be prevented, by an
inductive loss of the inductance element, from being input to
the ground terminal 15 of the pyroelectric element 1 from
the ground GND of the external substrate.

In the case 1 which the impedance element 2 1s defined
by a series circuit including a resistance element and an
inductance element, the resistance R1 and the inductance L1
are set such that the noise from the outside 1s able to be
prevented, by the resistive loss of the resistance element and
the inductive loss of the inductance element, from being
input to the ground terminal 15 of the pyroelectric element
1 from the ground GND of the external substrate.

Here, the noise from the outside 1s, for example, noise
having a frequency of about several tens of MHz to about
several GHz, particularly, for example, a Wi-Fi signal that 1s
used 1n a wireless LAN, a radio signal that i1s used in a
cellular phone system, or other noise. The impedance ele-
ment 2 1s not a parasitic element and 1s a passive element in
order to prevent the noise from being imput to the pyroelec-
tric element 1.
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In the infrared detection circuit 10, which 1s configured as
described above, the impedance eclement 2 1s inserted
between the connection point P1 of the internal substrate,
which 1s connected to the ground terminal 15 of the pyro-
clectric element 1, and a ground terminal of the external
detection circuit, so that a radiation noise radiated to the
infrared detection circuit 10 from the outside does not
propagate to the ground terminal 15 of the pyroelectric
clement 1 or to the connection point P1, which 1s connected
to the ground terminal 15. Therefore, a malfunction of the
pyroelectric element 1 in the iirared detection circuit 10 1s
able to be prevented.

In the present preferred embodiment, although the imped-
ance element 2 1s connected between the connection point
P1 of the internal substrate and the ground of the external
substrate, the present invention 1s not limited to this con-
figuration, and the ground terminal 15 of the pyroelectric
clement 1 may be directly connected to the ground of the
external substrate via the impedance element 2. In other
words, an end of the impedance element 2 1s directly or
indirectly connected to the ground terminal 15 of the pyro-
clectric element 1. This 1s preferably common to the fol-
lowing preferred embodiments and modifications, {for
example.

Second Preterred Embodiment

FIG. 2A 1s a circuit diagram illustrating a configuration of
an inirared detection circuit 10A according to a second
preferred embodiment of the present invention. As 1illus-
trated 1n FIG. 2A, unlike the infrared detection circuit 10
according to the first preferred embodiment, which 1s 1llus-
trated 1n FIG. 1, the infrared detection circuit 10A according
to the second preferred embodiment further includes the
following elements.

A resistance element 3 that has a resistance R 1s connected
to the two ends of the pyroelectric element 1 1n parallel to
the pyroelectric element 1.

An mmpedance clement 4 defined by a passive element
including at least one of a resistive impedance 72 and an
inductive impedance 72 1s connected between the drain of
the FET Q1 and the power supply terminal for the power
supply voltage VDD (the power supply terminal of the
inirared detection circuit 10A).

An mmpedance element 5 defined by a passive element
including at least one of a resistive impedance Z3 and an
inductive impedance Z3 1s connected between the source of
the FET Q1 and a signal output terminal that outputs the

inirared detection voltage signal Vs.
Similar to the infrared detection circuit 10 illustrated 1n

FIG. 1, the infrared detection circuit 10A, which 1s config-
ured as described above, includes the impedance element 2,
and thus, a radiation noise radiated to the infrared detection
circuit 10A from the outside does not flow to the ground
terminal 16 of the pyroelectric element 1 or to the connec-
tion point P1, which 1s connected to the ground terminal 15.
Theretfore, a maltunction of the pyroelectric element 1 1n the
inirared detection circuit 10A 1s able to be prevented.
Note that, although the resistance element 3 and the
impedance elements 4 and 35 are provided in the second
preferred embodiment, the present invention 1s not limited to
this configuration, and at least one of the elements 3, 4, and
5 may be provided. This 1s preferably common to the
preferred embodiments and modifications, for example,

which will be described below.

First Modification of Second Preterred Embodiment

FIG. 2B 1s a circuit diagram illustrating a configuration of
an 1nfrared detection circuit 10B according to a first modi-
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fication of the second preferred embodiment. As illustrated
in FIG. 2B, unlike the infrared detection circuit 10A accord-

ing to the second preferred embodiment, which 1s 1llustrated
in FIG. 2A, the infrared detection circuit 10B according to
the first modification of the second preferred embodiment
turther includes the following elements.

Abypass capacitor 31 including a capacitance C1 to cause
the radiation noise to bypass and flow to the ground GND 1s
connected between the power supply terminal for the power
supply voltage VDD and the ground GND.

Abypass capacitor 32 including a capacitance C2 to cause
the radiation noise to bypass and tlow to the ground GND 1s
connected between the signal output terminal, which outputs
the infrared detection voltage signal Vs, and the ground
GND.

According to the infrared detection circuit 10B, which 1s
configured as described above, 1n addition to the advanta-
geous ellects of the infrared detection circuit 10A, the
radiation noise 1s caused to bypass and flow to the ground
GND by the bypass capacitors 31 and 32, and a malfunction
of the pyroelectric element 1 1n the infrared detection circuit
10B 1s able to be prevented.

Note that a configuration 1n which at least one of the
bypass capacitors 31 and 32 is provided may be used. This

1s common to the preferred embodiments and modifications,
which will be described below.

Second Modification of Second Preferred
Embodiment

FI1G. 2C 1s a circuit diagram 1llustrating a configuration of
an inirared detection circuit 10C according to a second
modification of the second preferred embodiment. As illus-
trated 1n FIG. 2C, unlike the infrared detection circuit 10A
according to the second preferred embodiment, which 1s
illustrated 1n FIG. 2A, the infrared detection circuit 10B
according to the second modification of the second preferred
embodiment further includes the following elements.

The bypass capacitor 31 including the capacitance C1 to
cause the radiation noise to bypass and tlow to the ground
GND 1s connected between the power supply terminal for
the power supply voltage VDD and the connection point P1.

The bypass capacitor 32 including the capacitance C2 to
cause the radiation noise to bypass and tlow to the ground
GND 1s connected between the signal output terminal,
which outputs the inirared detection voltage signal Vs, and
the connection point P1.

According to the infrared detection circuit 10C, which 1s
configured as described above, 1n addition to the advanta-
geous ellects of the infrared detection circuit 10A, the
radiation noise 1s caused to bypass and flow to the ground
GND via the impedance element 2 by the bypass capacitors
31 and 32, and a malfunction of the pyroelectric element 1
in the infrared detection circuit 10 1s able to be prevented.

Third Preterred Embodiment

FIG. 3A 1s a circuit diagram 1llustrating a configuration of
an inirared sensor 20 according to a third preferred embodi-
ment of the present invention. As illustrated 1n FIG. 3A,
unlike the infrared detection circuit 10 according to the first
preferred embodiment, which 1s illustrated in FIG. 1, a
package 21 of the mnirared sensor 20 according to the third
preferred embodiment accommodates the pyroelectric ele-
ment 1, the FET 1, and the impedance element 2 therein.

Similar to the infrared detection circuit 10 illustrated 1n
FIG. 1, the package 21 of the infrared sensor 20, which 1s
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configured as described above, includes the impedance
element 2, and thus, a radiation noise radiated to the infrared
sensor 20 from the outside does not flow to the ground
terminal 16 of the pyroelectric element 1 or to the connec-
tion point P1, which 1s connected to the ground terminal 15.
Theretfore, a maltunction of the pyroelectric element 1 1n the
inirared sensor 20 1s able to be prevented.

In the third preferred embodiment, since the pyroelectric
clement 1 1s disposed 1n the package 21, a relatively strong
shielding effect for the pyroelectric element 1 1s provided,
and as 1illustrated in FIG. 3A, by preventing the influence of
a noise within the infrared sensor 20, which includes the
pyroelectric element 1, stronger and more stable advanta-
geous ellects are able to achieved.

First Modification of Third Pretferred Embodiment

FIG. 3B 1s a circuit diagram illustrating a configuration of
an inirared sensor 20A according to a first modification of
the third preferred embodiment. Unlike the infrared sensor
20 according to the third preferred embodiment, which 1s
illustrated 1n FIG. 3A, and similar to the infrared detection
circuit 10A according to the second preferred embodiment,
which 1s 1illustrated in FIG. 2A, the infrared sensor 20A
according to the first modification of the third preferred
embodiment further includes the resistance element 3 and
the impedance elements 4 and disposed 1n a package 21B of
the infrared sensor 20A as 1illustrated in FIG. 3B. The
infrared sensor 20A, which 1s configured as described above,
achieves advantageous eflects similar to those of the infrared
detection circuit 10A according to the second preferred
embodiment, which i1s 1llustrated 1n FIG. 2A.

Second Modification of Third Preferred
Embodiment

FIG. 3C 1s a circuit diagram 1illustrating a configuration of
an infrared sensor 20B according to a second modification of
the third preferred embodiment. Unlike the infrared sensor
20A according to the first modification of the third preferred
embodiment, which 1s 1llustrated 1n FIG. 3B, and similar to
the infrared detection circuit 10B according to the first
modification of the second preferred embodiment, which 1s
illustrated 1n FIG. 2B, the infrared sensor 20B according to
the second modification of the third preferred embodiment
turther includes the bypass capacitors 31 and 32 disposed 1n
a package 21C of the infrared sensor 20A as illustrated 1n
FIG. 3C. The mirared sensor 20B, which 1s configured as
described above, achieves advantageous eflects similar to
those of the infrared detection circuit 10B according to the

first modification of the second preferred embodiment,
which 1s 1llustrated 1n FIG. 2B.

Third Modification of Third Preferred Embodiment

FIG. 3D 1s a circuit diagram illustrating a configuration of
an 1nfrared sensor 20C according to a third modification of
the third preferred embodiment. Compared with the mirared
sensor 208 according to the second modification of the third
preferred embodiment, which 1s 1llustrated 1n FIG. 3C, and
similar to the infrared detection circuit 10C according to the
second modification of the second preferred embodiment,
which 1s illustrated 1n FIG. 2C, the infrared sensor 20C
according to the third modification of the third preferred
embodiment further includes the bypass capacitors 31 and
32 disposed 1n the package 21D of the infrared sensor 20C
as 1llustrated in FIG. 3D. The infrared sensor 20C, which 1s



US 10,809,130 B2

9

configured as described above, has advantageous eflects
similar to those of the infrared detection circuit 10C accord-
ing to the second modification of the second preferred
embodiment, which 1s 1llustrated 1n FIG. 2C.

Fourth Preferred Embodiment

FIG. 4 A 1s a circuit diagram 1llustrating a configuration of
an 1nfrared sensor 20D according to a fourth preferred
embodiment of the present invention. As illustrated in FIG.
4 A, unlike the infrared detection circuit 10 according to the
first preferred embodiment, which 1s 1llustrated in FIG. 1, a
package 21A of the infrared sensor 20D according the fourth
preferred embodiment accommodates the pyroelectric ele-
ment 1 and the FET Q1 therein, and the impedance element
2 1s not accommodated 1n the package 21 A and 1s connected
between the package 21 A of the intfrared sensor 20D and an
external detection circuit.

Similar to the infrared detection circuit 10 illustrated 1n
FIG. 1, the package 21A of the infrared sensor 20D, which
1s configured as described above, includes the impedance
element 2, and thus, a radiation noise radiated to the infrared
detection circuit 10 from the outside does not flow to the
ground terminal 15 of the pyroelectric element 1 or to the
connection point P1, which 1s connected to the ground
terminal 1b. Therefore, a malfunction of the pyroelectric
clement 1 1n the infrared sensor 20D 1s able to be prevented.

Similar to the third preferred embodiment, in the fourth
preferred embodiment, since the pyroelectric element 1 1s
disposed in the package 21A, a relatively strong shielding
cllect for the pyroelectric element 1 1s provided, and as
illustrated 1n FIG. 4A, by preventing the influence of noise
outside the infrared sensor 20D, which includes the pyro-
clectric element 1, stronger and more stable advantageous
ellects are able to be achieved.

First Modification of Fourth Preterred Embodiment

FIG. 4B 1s a circuit diagram 1llustrating a configuration of
an inifrared sensor 20E according to a first modification of
the fourth preferred embodiment and a configuration of an
external circuit according to the first modification of the
fourth preferred embodiment. Unlike the infrared sensor
20D and the external circuit according to the third preferred
embodiment, which are 1llustrated in FIG. 4A, and similar to
the mirared detection circuit 10A according to the second
preferred embodiment, which 1s illustrated in FIG. 2A, the
infrared sensor 20F according to the first modification of the
tourth preferred embodiment includes the resistance element
3 disposed 1n a package 21E of the infrared sensor 20E, and
the impedance elements 4 and 3 are included 1n the external
circuit according to the first modification of the fourth
preferred embodiment, which 1s located outside the package
21F of the infrared sensor 20E, as i1llustrated in FIG. 4B. The
infrared sensor 20E and the external circuit, which are
configured as described above, have advantageous eflects
similar to those of the infrared detection circuit 10 A accord-

ing to the second preferred embodiment, which 1s 1llustrated
in FIG. 2A.

Second Modification of Fourth Preferred
Embodiment

FI1G. 4C 15 a circuit diagram 1llustrating a configuration of
the infrared sensor 20E according to a second modification
of the fourth preferred embodiment and a configuration of an
external circuit according to the second modification of the
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fourth preferred embodiment. Regarding the infrared sensor
20E and the external circuit according to the second modi-

fication of the fourth preferred embodiment, unlike the
inirared sensor 20E and the external circuit according to the
first modification of the fourth preferred embodiment, which
are 1illustrated in FIG. 4B, and similar to the infrared
detection circuit 10B according to the first modification of
the second preferred embodiment, which 1s illustrated in
FIG. 2B, the bypass capacitors 31 and 32 are further
included 1n the external circuit outside the package 21E of
the infrared sensor 20E as illustrated in FIG. 4C. The
infrared sensor 20E and the external circuit, which are
configured as described above, have advantageous ellects
similar to those of the infrared detection circuit 10B accord-
ing to the first modification of the second preferred embodi-
ment, which 1s illustrated in FIG. 2B.

Third Modification of Fourth Preferred
Embodiment

FIG. 4D 1s a circuit diagram illustrating a configuration of
the infrared sensor 20E according to a third modification of
the fourth preferred embodiment and a configuration of an
external circuit according to the third modification of the
tourth preferred embodiment. Regarding the inirared sensor
20E and the external circuit according to the third modifi-
cation of the fourth preferred embodiment, compared with
the infrared sensor 20F and the external circuit according to
the second modification of the fourth preferred embodiment,
which are 1llustrated 1n FIG. 4C, and similar to the infrared
detection circuit 10C according to the second modification
of the second preferred embodiment, which 1s illustrated 1n
FIG. 2C, the bypass capacitors 31 and 32 are further

included in the external circuit outside the package 21E of
the infrared sensor 20E as illustrated i FIG. 4D. The

H and the external circuit, which are

inirared sensor 20E
configured as described above, achieve advantageous eflects
similar to those of the infrared detection circuit 10B accord-
ing to the second modification of the second preferred
embodiment, which 1s illustrated 1n FIG. 2C.
Modification 1

FIG. § 1s a circuit diagram 1illustrating a configuration of
an 1mpedance conversion circuit 7 according to a Modifi-
cation 1 of a preterred embodiment of the present invention.
In the first to fourth preferred embodiments and their modi-
fications, the FET Q1 1s provided as an impedance conver-
s1on circuit. However, the present invention 1s not limited to
this configuration, and as in the Modification 1 illustrated in
FIG. 5, a voltage follower circuit including an operational
amplifier 6 may be provided as the impedance conversion
circuit 7. In FIG. 5, the operational amplifier 6 1s preferably,
for example, a diflerential amplifier. A non-inverting 1nput
terminal of the operational amplifier 6 1s connected to the
signal output terminal 1a of the pyroelectric element 1, and
an mverting input terminal of the operational amplifier 6 1s
connected to an output terminal of the operational amplifier
6. The power supply terminal for the power supply voltage
VDD (the power supply terminal of one of the iirared
detection circuits 10 and 10A or the power supply terminal
of one of the infrared sensors 20 to 20E) and the ground
GND are connected to the operational amplifier 6.

Similar to the FET Q1, the impedance conversion circuit
7 according to the Modification 1, which 1s configured as
described above, performs impedance conversion from a
predetermined first impedance to a predetermined second
impedance that 1s lower than the first impedance.

Modification 2
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FIG. 6 1s a circuit diagram 1llustrating a configuration
example of an itegrated circuit 8 according to a Modifica-
tion 2 of a preferred embodiment of the present invention
that includes the impedance conversion circuit 7. As 1llus-
trated 1n FIG. 6, for example, the impedance conversion
circuit 7 illustrated 1n FIG. 5 may be defined by the
integrated circuit 8. Note that the impedance conversion
circuit 7 may be the FET Q1 illustrated 1n FIG. 1 to FIG. 4D.

As described 1n detail above, in the infrared detection
circuit and the infrared sensor according to the present
invention, noise applied from the outside does not flow to
the ground of the infrared detection circuit or the ground of
the infrared sensor, and thus, a malfunction 1s able to be
prevented.

Note that an example of noise that i1s prevented from
entering by the impedance element 2 according to the
present preferred embodiment 1s noise having a frequency of
about several tens of MHz to about several GHz, particu-
larly, for example, a Wi-F1 signal that 1s used 1n a wireless
LLAN, a radio signal that 1s used 1n a cellular phone system,
or other noise.

While preferred embodiments of the present imvention
have been described above, it 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. An infrared detection circuit that detects infrared rays
and outputs a detection signal to an external detection
circuit, the infrared detection circuit comprising:

an 1nfrared sensor element; and

an 1impedance element connected between a ground of the

inirared sensor element and a ground of the external
detection circuit and including at least one of resistivity
and inductivity.

2. The infrared detection circuit according to claim 1,
wherein the impedance element blocks noise from outside.

3. The infrared detection circuit according to claim 2,
wherein the noise from the outside has a frequency of about
several tens of MHz to about several GHz.

4. The infrared detection circuit according to claim 1,
wherein the ground of the infrared sensor element 1s con-
nected to the impedance element via a ground of an internal
substrate of the infrared detection circuit.

5. The infrared detection circuit according to claim 1,
turther comprising an impedance conversion circuit that
performs 1impedance conversion on a detection signal from
the infrared sensor element and outputs the detection signal.

6. The infrared detection circuit according to claim 5,
wherein the impedance conversion circuit includes a field-
ellect transistor, a voltage follower circuit including an
operational amplifier, or an impedance conversion circuit of
an itegrated circuit.

7. The infrared detection circuit according to claim 5,
turther comprising at least one of:

a resistance element connected in parallel to the mirared

sensor element;

an 1impedance element connected between a power supply

terminal of the impedance conversion circuit and a
power supply terminal of the infrared detection circuait;
and

an 1impedance element connected between a signal output

terminal of the impedance conversion circuit and a
signal processing circuit of the external detection cir-
cuit.
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8. The infrared detection circuit according to claim 7,
turther comprising at least one of:

a bypass capacitor connected between the power supply
terminal of the mirared detection circuit and the ground
of the imirared sensor element or the ground of the
external detection circuit; and

a bypass capacitor connected between the signal output
terminal of the mirared detection circuit and the ground
of the infrared sensor element or the ground of the
external detection circuit.

9. The infrared detection circuit according to claim 1,

wherein the impedance element includes a passive element.

10. An infrared sensor that detects infrared rays and
outputs a detection signal to an external detection circuit, the
infrared sensor comprising:

an infrared sensor element:; and

an impedance element connected between a ground of the
inirared sensor element and a ground of the external
detection circuit and including at least one of resistivity
and inductivity.

11. The infrared sensor according to claim 10, wherein the

impedance element blocks noise from outside.

12. The infrared sensor according to claim 11, wherein the
noise from the outside has a frequency of about several tens
of MHz to about several GHz.

13. The infrared sensor according to claim 10, wherein the
impedance element 1s disposed 1 a package of the infrared
SEeNsor.

14. The infrared sensor according to claim 10, wherein the
impedance element 1s disposed outside a package of the
infrared sensor.

15. The infrared sensor according to claim 10, wherein the
ground of the infrared sensor element 1s connected to the
impedance element via a ground of an internal substrate of
the infrared sensor.

16. The infrared sensor according to claim 10, further
comprising an impedance conversion circuit that performs
impedance conversion on a detection signal from the infra-
red sensor element and outputs the detection signal.

17. The infrared sensor according to claim 16, wherein the
impedance conversion circuit includes a field-effect transis-
tor, a voltage follower circuit including an operational
amplifier, or an 1mpedance conversion circuit ol an 1inte-
grated circuit.

18. The infrared sensor according to claim 16, further
comprising at least one of:

a resistance element connected 1n parallel to the infrared

sensor element;

an 1mpedance element connected between a power supply
terminal of the impedance conversion circuit and a
power supply terminal of the infrared sensor; and

an impedance element connected between a signal output
terminal of the impedance conversion circuit and a
signal processing circuit of the external detection cir-
cuit.

19. The infrared sensor according to claim 18, further

comprising at least one of:

a bypass capacitor connected between the power supply
terminal of the infrared sensor and the ground of the
inirared sensor element or the ground of the external
detection circuit; and

a bypass capacitor connected between the signal output
terminal of the infrared sensor and the ground of the
inirared sensor element or the ground of the external
detection circuit.
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20. The infrared sensor according to claim 10, wherein the
impedance element includes a passive element.
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